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@ Microprocessor circuit having two timing signals. 



© A microprocessor circuit is provided that allows 
the internal microprocessor clock speed to vary de- 
pending upon a register that can be programmed by 
software. In addition, the drive strength of the inter- 
nal clock generator may similarly be varied by soft- 
ware programming. The programmer or user of the 
microprocessor may change the internal clock speed 
such that the microprocessor operates at a first 
frequency or at a second frequency depending upon 
the performance requirements. A lower frequency of 
operation may be selected for low power consump- 
tion and low EMI, while a higher frequency of opera- 
tion may be selected for computational intensive and 
high performance applications. 
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This invention relates to microprocessor cir- 
cuitry and, more particularly, to the generation of 
Internal microprocessor clock signals. 

Microprocessor circuits require clock signals to 
provide timing references for controlling activities 
within the microprocessor. A microprocessor typi- 
cally receives an external clock signal generated 
by a crystal oscillator or other external clock 
source and. using this external clock signal, gen- 
erates an internal clock signal having a high degree 
of stability with a fifty-percent duty cycle. The 
internally generated clock signal may have the 
same frequency as that of the external clock signal 
or may have a frequency that is a fraction or a 
multiple of the external clock signal frequency. 

CMOS integrated circuit microprocessors, for 
proper operation thereof, generally must he cloc- 
ked by an internal clock signal having a first phase 
and a second phase for each clock cycle period. 
The clock signal first phase is at a high level for a 
first execution time period and the second phase is 
at a low level for a second execution time period to 
complete each clock cycle. The reason for this 
clocking procedure is that CMOS integrated circuits 
include circuitry wherein a first portion of the cir- 
cuitry is active during the high level first phase of 
the clock signal and the other portion of the cir- 
cuitry is active during the low level second phase 
of the clock signal. For this reason, the micropro- 
cessor typically generates a pair of internal clock 
signals that are 180 degrees out of phase, one 
being provided to the first portion of the circuitry 
and the second being provided to the other portion 
of the circuitry. 

The first and second phases of each clock 
signal cycle must be of sufficient duration to enable 
both portions of the microprocessor circuitry to 
complete their execution. Each such portion re- 
quires some finite minimum execution time be- 
cause of internal microprocessor delays resulting 
from internal speed paths. To ensure that the mini- 
mum execution times are met for both portions of 
the microprocessor circuitry while maximizing the 
frequency of the internal clock signals, the duty 
cycles of the internal clock signals are typically 
regulated and maintained at fifty percent. 

In addition to the foregoing, the internal speed 
paths and resulting first and second minimum ex- 
ecution time periods are greatly affected by in- 
tegrated circuit processing parameters, micropro- 
cessor operating temperature, and microprocessor 
operating supply voltage. For example, micropro- 
cessors execute more slowly as operating tempera- 
ture increases. Microprocessors also execute more 
slowly as the operating supply voltage decreases. 
In either or both of these cases, the duration of the 
first and second clock signal phases must be ex- 
tended to provide first and second execution times 



which are sufficient to accommodate the increased 
first and second minimum execution time periods. 

Clock generators for providing such clock sig- 
nals are generally provided "on chip" in CMOS 

5 microprocessor devices. However, as stated pre- 
viously, they develop the clock signal or signals in 
response to an input clock signal generated by an 
external clock source. The on chip clock generator 
must be arranged to provide the clock signal first 

10 and second phases because external clock sources 
cannot always be relied upon to provide the clock 
signals accurately. In fact, external clock sources 
usually provide input clock signals having a duty 
cycle in a wide range. It is therefore required that 

75 the on chip clock generator be able to derive the 
clock signals for clocking the microprocessor re- 
sponsive to an input clock signal having a wide 
range of duty cycles. 

In addition to providing internal clock signals 

20 that are 180 degrees out of phase with duty cycles 
of fifty percent, there are several other important 
considerations associated with the generation of 
such clock signals. On the semiconductor die itself, 
a single on chip clock generator is typically situ- 

25 ated near the center of the microprocessor chip. 
The drive strength requirements of this internal 
clock generator depends upon the type and 
amount of other circuitry fabricated on the micro- 
processor die, as well as the routing of the clock 

30 signals. In general, as the circuitry incorporated on 
the microprocessor die becomes more complex 
and voluminous, the greater the required drive 
strength of the internal clock generator. This can 
adversely affect electromagnetic interference 

35 (EMI). 

Electromagnetic interference is generated by 
nearly all electrical circuits. The quantity of EMI 
radiated by a microprocessor circuit is based upon 
many factors, including the current transitions gen- 

40 erated by the clocks and other logic circuits driven 
by the clocks. In general, the circuits on the semi- 
conductor chip are a source of the transient cur- 
rents, and the surrounding components such as the 
device package, the printed circuit board, and the 

45 cables attached to the printed circuit board act as 
antennae that radiate the high frequency compo- 
nents of the transient currents. 

EMI can radiate in one of two modes: common 
mode and differential mode. Differential mode radi- 

50 ation occurs when time-varying current loops exist 
on a PC board or similar structure. Common mode 
radiation is basically a uniform flow of current 
through, for example, a monopole antenna. 

Current loops of high frequency current are set 

55 up in the vicinity of microprocessors due to on-chip 
clock circuits. This is because the current drive 
source for the clock drivers are often localized 
while the return path for the current (through the 
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load on the clock signals, which is a distributed 
capacitance) is more uniformly distributed. The 
current drive source is not generally uniform be- 
cause the clock drivers are sometimes on isolated 
power supplies on the chip, because the clock 
driver is closer to one side of the chip, or because 
of some other asymmetry in the power supply pins 
to the microprocessor. 

The transient currents and therefore the EMI 
generated by the internal clock generator of a 
microprocessor can be excessively large for a 
number of reasons. First, as the circuit complexity 
of microprocessors has grown during the past 
years, so have the drive requirements of the inter- 
nal clock generator. The driver transistors within 
the internal clock generator have therefore been 
required to source and sink increasingly larger cur- 
rent levels. This has led to significant increases in 
the generated EMI due to the large current that is 
sourced or sunk at a given location on the semi- 
conductor die. 

Another reason electromagnetic interference 
can t>ecome excessive is that the internal clock 
generator is designed to satisfy the drive require- 
ments during worst-case conditions. As a conse- 
quence, the clock generator is significantly over- 
driven during normal operating conditions, thus re- 
sulting in increased electromagnetic interference. 

Chip manufacturers typically control EMI emis- 
sions through package design techniques. These 
techniques include power/ground planes within the 
package, grounded seal lids, and rails for by-pass 
capacitors. Systems manufacturers typically use 
board-level and enclosure techniques including 
moating in the PC board, separate power-ground 
planes, chokes, decoupling capacitors, and shield- 
ing. Many of these techniques are relatively expen- 
sive to employ. 

EMI reduction is a rather important feature for 
manufacturers who would like to comply with FCC 
Class B and other requirements. Compliance with 
FCC Class B allows the device to be used in either 
a residential or a commercial application. Class A 
is restricted to industrial use only. Thus, a product 
that conforms to Class 8 will include a much larger 
market. 

The internal clock frequency is also an impor- 
tant consideration with respect to the generation of 
internal microprocessor clock signals. In general, 
as the speed of the Internal microprocessor clock 
increases, the time required to execute a particular 
program decreases. Thus, microprocessors having 
relatively high internal clock frequencies are desir- 
able for high performance and computational-inten- 
sive applications. On the other hand, relatively fast 
microprocessors are usually more expensive than 
slower microprocessors, both in design and manu- 
facture. Furthermore, a microprocessor operating at 



higher speeds typically consumes more power in 
comparison to their lower speed counterparts. The 
frequency and edge rate (slew rate) of the internal 
clock signals also affect the EMI emissions signifi- 
5 cantly. 

As a result of these tradeoffs of generated EMI, 
performance, and cost, microprocessor manufactur- 
ers commonly provide versions of the same micro- 
processor family that meet different EMI. power 

10 and speed targets; one version that operates at a 
relatively high speed for high performance and 
computational-intensive applications, and another 
version that operates at a lower speed for low EMI 
and low power applications. To provide these dif- 

75 fering versions, the microprocessor is typically fab- 
ricated with two separate clock generators incor- 
porated on the semiconductor die. Mask program- 
ming methods can be employed during the fabrica- 
tion of the microprocessor to enable one of the 

20 clock generators and disable the other clock gener- 
ator. Unfortunately, this technique is somewhat ex- 
pensive since a different set of masks must be 
used for the different microprocessor versions and. 
in addition, considerable die space Is wasted since 

25 one of the clock generators on the semiconductor 
die is permanently disabled. Furthermore, once the 
microprocessor chip has been fabricated for use 
with a crystal oscillator of a predetermined maxi- 
mum frequency, the internal maximum clock fre- 

30 quency cannot be changed. 

We will describe a microprocessor clock speed 
to vary depending upon a register that can be 
programmed by software. In addition, the drive 
strength of the internal clock generator may simi- 

35 larly be varied by software programming. The pro- 
grammer or user of the microprocessor may 
change the internal clock speed such that the 
microprocessor operates at a first frequency or at a 
second frequency depending upon the perfor- 

40 mance requirements. A lower frequency of opera- 
tion may be selected for low power consumption 
and low EMI, while a higher frequency of operation 
may be selected for computational intensive and 
high performance applications. 

45 These and other advantages are achieved with 

a microprocessor circuit which comprises a timing 
signal source for providing a first timing signal 
having a first frequency and a second timing signal 
having a second frequency. A clock generator cir- 

50 cuit is also provided for generating an internal 
clock signal for clocking circuitry within a first cir- 
cuit area of the microprocessor. A timing distribu- 
tion circuit is coupled to the clock generator circuit 
and receives the first and second timing signals 

55 from the timing signal source. The timing distribu- 
tion circuit includes a switching means for provid- 
ing the first timing signal or the second timing 
signal to the clock generator circuit depending 
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upon a select signal. A clcx:k select circuit is further 
coupled to the timing distribution circuit, wherein 
the clock select circuit provides the select signal to 
the timing distribution circuit such that the internal 
clock signal generated by the clock generator cir- 
cuit is derived from the first timing signal when the 
select signal is in a first state and such that the 
internal clock signal is derived from the second 
timing signal when the select signal Is in a second 
state. The clock select circuit includes a software 
programmable means such as a register that con- 
trols whether the select signal is in the first state or 
in the second state. 

The invention will be more readily understood 
with reference to the drawings and the detailed 
description. As will be appreciated by one skilled in 
the art, the invention is applicable to microproces- 
sors in general and is not limited to the specific 
embodiment disclosed. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a microproces- 
sor circuit die including distributed clock gener- 
ators. 

Figure 2 is a schematic diagram ,of a timing 
signal source. 

Figure 3 is a schematic diagram of a clock 
delay circuit. 

Figure 4 is a schematic diagram of a clock 
select circuit. 

Figure 5 is a schematic diagram of a master 
timing distribution circuit- 
Figure 6 is a block diagram of a distributed 
clock generator circuit. 

Figure 7 is a schematic diagram of a distrib- 
uted clock generator circuit. 

Figure 8 is a schematic diagram of a second 
embodiment of a clock select circuit. 

Detailed Description 

The following includes a detailed description of 
the best presently contemplated mode for carrying 
out the invention. The description is intended to be 
merely illustrative of the invention and should not 
be taken in a limiting sense. 

Referring to Figure 1 , a block diagram is shown 
of a microprocessor circuit 10 including a distrib- 
uted clock generation scheme. The microprocessor 
circuit 10 includes a timing signal source 12. a 
clock select circuit 13, a master timing distribution 
circuit 14, and a plurality of distributed clock gener- 
ator circuits 16-18. Each of the distributed clock 
generator circuits 16-18 provide clocking signals to 
separate circuit areas of the microprocessor repre- 
sented by blocks 20-25. The circuit areas illus- 
trated by blocks 20-25 are representative of cir- 



cuitry within various subsections of the micropro- 
cessor, such as the program counter, internal regis- 
ters, arithmetic logic unit (ALU). Internal cache, 
multipliers, and adders. In this embodiment, the 

5 distributed clock generator circuit 16 provides cloc- 
king signals to circuit area 20 and to circuit area 
21. Similarly, clock generator circuit 17 provides 
clocking signals to circuit areas 22 and 23, and 
distributed clock generator circuit 18 provides cloc- 

70 king signals to circuit areas 24 and 25. 

An extemal clock signal is received by micro- 
processor circuit 10 at an external clock input line 
26 and is coupled to the timing signal source 12. 
The external clock signal may be provided from a 

75 crystal oscillator or other clock source. As will be 
appreciated from the description below, the timing 
signal source 12 provides a pair of timing signals 
to the master timing distribution circuit 14, a first of 
which having a frequency equal to that of the 

20 external clock signal, and the other of which having 
a frequency half that of the external clock signal. 
The timing signal source 12 includes divide-by-two 
circuitry as well as duty cycle control circuitry to 
ensure that both timing signals are maintained with 

25 duty cycles of fifty percent. 

The clock select circuit 13 is also coupled to 
master timing distribution circuit 14 and is provided 
to accommodate a clock speed switching function 
that allows the microprocessor 10 to operate at a 

30 variety of user selectable frequencies. The clock 
speed may be designated via software program- 
ming and may be changed during the execution of 
a program. It will also be appreciated that the drive 
strength of each of the distributed clock generator 

35 circuits 16*18 is variable based upon the selected 
frequency of operation. Details of this clock speed 
select function as well as other features of the 
clock select circuit 13 will be described in greater 
detail below. 

40 The master timing distribution circuit 14 re- 

ceives the pair of timing signals from the timing 
signal source 12 and, depending upon a clock 
select signal provided from clock select circuit 13, 
provides a master timing signal of a designated 

45 frequency to each of the distributed clock gener- 
ator circuits 16-18. Each of the distributed clock 
generator circuits 16-18 correspondingly generates 
a pair of clock signals that are 180 degrees out of 
phase with respect to one another to drive the 

50 associated circuit areas 20-25. Details of this cir- 
cuitry will also be described further below. 

It is noted that circuit areas 20-25 are defined 
by design such that each of the distributed clock 
generator circuits 16-18 is loaded approximately 

55 equally with respect to the others. Furthermore, the 
lines that connect the master timing distribution 
circuit 14 to the distributed clock generator circuits 
16-18 are configured to have approximately equal 
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lengths. These characteristics result in reducing the 
skew between the clock signals generated by each 
of the distributed clock generators 16-18. 

tt is also noted that since a plurality of distrib- 
uted clock generator circuits 16-18 are distributed 
at various locations on the microprocessor die, 
each driving a separate circuit area 20-25, the 
amount of current that is sourced or sunk at a 
given location on the semiconductor die as a result 
of the clock generator circuits Is less in comparison 
to that which would be sourced or sunk at a given 
location by a single clock generator circuit provided 
to drive the entire microprocessor circuit. Similarly, 
since the distributed clock generators 16-18 can be 
positioned relatively close to the respective circuit 
areas 20-25. the average length of the routing lines 
that couple the clock signals to the circuit areas is 
reduced. Thus, the load upon the clock generators 
is also reduced. As a result, power consumption 
and electromagnetic interference is reduced and 
signal to noise ratio is maximized. 

Furthermore, since the clock generators are 
distributed, the current to the clock generators is 
more uniformly distributed among the various pow- 
er supply pins of the processor. This allows the 
designer to supply the clock generators with sup- 
plies that are common with (not isolated from) the 
other chip power supplies and helps to make the 
clock drive source currents even more uniformly 
distributed. When power supply currents are more 
uniformly distributed, differential mode currents are 
less likely to occur. 

Exemplary circuitry implementing each of the 
blocks of Figure 1 will next be considered with 
reference to Figures 2-6. Referring first to Figure 2. 
a schematic diagram is shown of a timing signal 
source 12. The circuit includes a synchronizing 
circuit 30, a frequency division circuit 50, and a 
duty cycle control circuit 70. An external clock 
signal is received at line 26 and is coupled to the 
synchronizing circuit 30, the frequency division cir- 
cuit 50, and the duty cycle control circuit 70. A 
reset signal is received at a line 27 and is coupled 
to the synchronizing circuit 30 and the frequency 
division circuit 50. A line 51 is coupled to an output 
of the frequency division circuit 50 to provide a first 
timing signal labelled EPH1 having a frequency 
that is half the frequency of the external clock 
signal applied at line 26. Another line 71 is pro- 
vided at an output of the duty cycle control circuit 
70 to provide a second timing signal labelled 
DMPH1 having the same frequency as the external 
clock signal. Both the first and the second timing 
signals EPH1 and DMPH1 provided from lines 51 
and 71, respectively, have a fifty percent duty 
cycle despite the possibility of duty cycle variations 
in the external clock signal at line 26. 



The synchronizing circuit 30 is provided to 
synchronize the falling edge of the reset signal with 
the rising edges of the first timing signal EPH1 at 
line 51. The synchronizing circuit 30 includes 

5 latches 31-35. inverters 37-44. and a NOR gate 45. 
Each of the latches 31-34 is implemented with a 
pair of CMOS transfer gates, a forward inverter, 
and a feedback inverter. The latch 35 is imple- 
mented with a CMOS transfer gate, a forward In- 
to verter, and a resistive feedback inverter. 

When the reset signal at line 27 is high, the 
microprocessor system is in a reset mode. Upon 
the falling edge of the reset signal, the rising edge 
of the first clock signal provided at line 51 must be 

75 synchronized thereto. As will be appreciated by 
those skilled in the art, four clock cycles after the 
falling edge of the reset signal occurs, a low pulse 
is generated at an output line 48 of the synchroniz- 
ing circuit 30 and is provided to an input of NOR 

20 gate 49. This pulse remains low for the entire 
duration during which the external clock pulse is 
low. The synchronizing circuit 30 is a typical syn- 
chronization circuit and such are known to those 
skilled in the art. 

25 The frequency division circuit 50 is similarly 

known to those skilled In the art and includes a 
nand gate 52, Inverters 53-62, a CMOS transfer 
gate 63, and a latch 64 Implemented using a trans- 
fer gate 65, a forward inverter 66. and a resistant 

30 feedback inverter 67. The frequency division circuit 
50 provides the first timing signal EPH1 at line 51 
having a frequency that is half the frequency of the 
external clock signal provided at line 26. Those 
skilled In the art will appreciate that the first timing 

35 signal EPH1 at line 51 is phase shifted when both 
the reset signal goes low and the pulse signal 
provided from the synchronizing circuit 30 at line 
48 goes low such that the first timing signal EPH1 
becomes synchronized with the falling edge of the 

40 reset signal. 

The duty cycle control circuit 70 includes in- 
verters 71-74 and a clock delay circuit 90. The 
duty cycle control circuit 90 receives the incoming 
external clock signal at line 26 and provides the 

45 second timing signal DMPH1 at line 71. As will be 
better understood from the following description of 
the clock delay circuit 90, the second timing signal 
DMPH1 has the same frequency as the external 
clock signal received at line 26 and a duty cycle of 

50 fifty percent. 

Referring now to Figure 3, the clock delay 
circuit 90 generally includes a latch 102, a buf- 
fering means 104, a delay means 106, and an input 
conditioning means 108. The latch 102 Includes a 

55 set input 112, a reset input 114, and an output 116. 
When the set Input 112 Is high and the reset input 
114 is low, the latch 102 is set so that the output 
116 is at a high level. Conversely, when the set 



5 



9 



EP 0 613 074 A1 



10 



input 1 12 is low and the reset input 1 14 is high, the 
latch is reset so that the output 116 is low. Such 
latches are well known in the art. 

The delay means 106 comprises a plurality of 
serially coupled inverters 118. Each inverter cor- 
responds to a delay proportional to an average 
gate delay of the integrated circuit in which the 
clock delay circuit 90 is employed. The delay 
means 106 is coupled between the output 116 of 
latch 102 and the reset input 114 of the latch 
through the input conditioning means 108, The 
buffering means 104 comprises a pair of inverters 
120 and 122 which provide at the output 124 of 
inverter 122 a timing signal to be applied to the 
master timing distribution circuit 14. The delay 
means serves to delay the application of the output 
timing signal at output 116 of latch 102 to the reset 
input 114 of the latch 102. To provide an output 
timing signal with a duty cycle of fifty percent, the 
delay of delay means 106 is chosen to be one half 
the period of the input signal. 

The Input conditioning means 108 comprises 
an AND gate 126 and a NOR gate 128. As will be 
noted in Rgure 3. the first input 130 of NOR gate 
128 is coupled to the first input 134 of AND gate 
126. The second input 132 of NOR gate 128 is 
coupled to the second input 136 of AND gate 126. 
The first input 134 of AND gate 126 and the first 
input 130 of NOR gate 128 are coupled to receive 
the external clock signal having a duty cycle within 
a wide range of duty cycles from which the output 
timing signal is derived. The delay means 106 is 
coupled to the second input 136 of AND gate 126 
and the second input 132 of NOR gate 128 through 
inverter 140. To that end, inverter 140 has an input 
142 coupled to the delay means 106. 

As previously mentioned, the microprocessor 
to be clocked by the internal clock signal includes 
a first circuit portion which is active during a first 
phase of the internal clock signal when the internal 
clock signal is at a high level and a second circuit 
portion which is active during a second phase of 
the internal clock signal when the internal clock 
signal is at a low level. Each circuit portion includes 
a speed path formed by internal gate delays which 
result in minimum first and second execution times 
during the first and second phases to enable each 
circuit portion to complete its execution during its 
respective internal clock signal phase. 

The external clock signal sets and resets the 
latch 102 to cause the latch 102 to provide the 
second timing signal DMPH1. However, the exter- 
nal clock signal only sets and resets the latch 102 
when the latch is set or reset enabled by the output 
of the delay means 106, Hence, the number of 
inverters 118 selected for delay means 106 should 
represent a delay time at least equal to the greater 
of the first and second minimum execution times. 



By so doing, each phase of the second timing 
signal DMPH1 will be assumed to provide a suffi- 
cient execution time to accommodate the speed 
paths of both circuit portions. 

5 Hence, the delay time of the delay means 106 

assumes a minimum execution time for each phase 
of the internal clock signal. The actual duration of 
each phase may be longer than the minimum ex- 
ecution times required by the processor because 

10 the external clock signal may define first or second 
phases which are longer than the delay time of the 
delay means 106. If one of the phases defined by 
the external clock signal is longer than the delay 
time, the delay means 106 will have no effect 

75 because It would have already enabled the latch 
102 to be set or reset by the time the external 
clock signal changes to the next phase. 

It will also be appreciated that the clock delay 
circuit 90 is also self-regulating. The self-regulation 

20 comes into play because the delay means is ar- 
ranged to vary its delay time in direct relation to 
the delay time represented by the microprocessor 
speed paths. This results because the delay means 
1 06 includes a plurality of serially coupled inverters 

25 with each inverter representing a delay proportional 
to an average gate delay of the microprocessor. 
Hence, the same parameters such as processing 
parameters, temperature, and supply voltage mag- 
nitude, for example, which vary the delay time of 

30 the speed paths will have the same effect on the 
delay time of the delay means 106. 

In operation, when the external clock signal is 
high and the input 142 of inverter 140 is low, the 
set input 112 of latch 102 is correspondingly high 

35 to set latch 102 and cause the output 116 to be 
high. When the external clock signal is at* a low 
level and the input 142 of inverter 140 is high, the 
set input 112 of latch 102 is correspondingly low 
and the reset input 114 of latch 102 is correspond- 

40 ingly high to reset latch 102 and cause the output 
116 of latch 102 to be low. 

From the foregoing description of the timing 
signal source 12, it is evident that a tirst timing 
signal EPHI having a frequency half that of the 

45 external clock signal and a second timing signal 
DMPH1 having the same frequency as the external 
clock signal are provided to the master timing 
distribution circuit 14. Signals EPHI and DMPH1 
are each duty-cycle regulated and phase-synchro- 

50 nized with the reset signal. 

Referring next to Figure 4, the clock select 
circuit 13 is next considered. The clock select 
circuit 13 is provided to allow the programmer or 
user of the microprocessor to select either the first 

55 internal timing signal EPHI or the second internal 
timing signal DMPH1 to control the internal activi- 
ties of the microprocessor. Alternatively, an exter- 
nal third timing signal may be selected to derive 
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the internal clock signal. The circuit includes a 
latch 150. inverters 151-161. nand gates 165-168, 
and a NOR gate 169. 

When the microprocessor circuit is initially 
turned on, the frequency select signal at line 170 is 
initially low. The frequency select signal at line 170 
is sourced from an internal register 171 of the 
microprocessor that allows software programming 
of the internal clock speed. When the frequency 
select signal is low, the output of nand gate 166 is 
high regardless of signals EPH1. DMPH1, and 
DRVPH2. As will become evident from the dia- 
grams of the distributed clock generator circuits, 
signal 0RVPH2 is an output clock signal used to 
drive the respective circuit areas 20-25. Since the 
output of nand gate 166 is high, the output of 
inverter 154 goes low. If the test signal at line 180 
is high, the output of nand gate 167 is low and the 
output of nand gate 168 is high. Consequently, 
signal selecti goes high and signal se/ecM goes 
low. Similarly, signal select2 goes low and signal 
select2 goes high. Furthe rmore, signal selects 
goes low and signal selects goes high. As will be 
appreciated from the description below of the mas- 
ter timing distribution circuit 14, these signals 
cause the master timing distribution circuit 14 to 
select the first timing signal EPH1 from the timing 
signal source 12 for distribution to each of the 
distributed clock generator circuits 16-18. Each of 
the distributed clock generator circuits 16-18 will 
responsively generate a pair of clock signals 
(DRVPH1 and DRVPH2) that are 180 degrees out 
of phase to be provided to the respective circuit 
areas 20-25. 

The microprocessor speed can be changed by 
setting the internal register 171 high. When this 
register location is set, the output of NOR gate 169 
will go high upon the rising edges of signals EPH1 
and DMPH1. The output of nand gate 166 will go 
low following this if signal DRVPH2 is also high. 
When the output of nand gate 166 goes low, the 
latch 150 is set, and the output of inverter 156 
goes low and the output of inverter 157 goes high. 
This correspondingly causes the master clock dis- 
tribution circuit 14 to select the second internal 
clock signal DMPH1 having a frequency twice that 
of the first clock signal EPH1. 

As will be appreciated from the following, the 
test signal at line 180 may be asserted low to 
override the circuit such that neither the first nor 
the second timing signals EPH1 and DMPH1 are 
selected. Instead, a pair of test signals (TestPHI 
and TestPH2) may be provided to the master tim- 
ing distribution circuit for testing purposes. 

It is noted that latch 150 of the clock select 
circuit 13 is configured such that the internal cloc- 
king of the microprocessor may be controlled by 
the first timing signal EPH1 and subsequently 



changed to the second timing signal DMPH1 hav- 
ing twice the frequency. Once the second timing 
signal DMPHI is selected, the microprocessor sys- 
tem must be reset to return to operation at the 

5 lower frequency of the first timing signal EPH1. It is 
also noted that the internal clocking can switch 
from the frequency of the first timing signal EPH1 
to the frequency of the second timing signal 
DMPHI only when both clock signals are high, and 

10 in addition, only when the clock output signal 
DRVPH2 provided from the distributed clock gener- 
ator circuits 16-18 is also high. These conditions 
ensure that proper timing is maintained and pre- 
vents the generation of signal glitches. 

75 Additionally, when the first timing signal EPH1 

Is selected, the enable signal is low. When the 
second timing signal DMPH1 having a frequency 
twice that of the first timing signal is selected, the 
enable signal is set high. As will be appreciated 

20 from the following, the enable signal is used to 
control each the distributed clock generator circuits 
such that increased drive is provided for the inter- 
nal clock signals when operating at the higher 
frequency. 

25 Referring next to Figure 5, a schematic dia- 

gram Is shown of a master timing distribution cir- 
cuit 14- The master timing distribution circuit in- 
cludes inverters 201-204, inverting buffers 206-211, 
and nand gates 213 and 214. The master timing 

30 distribution circuit is a signal switching circuit that 
receives signals EPH1 and DMPHI from the timing 
signal source 12, and provides output timing sig- 
nals NPH1 and NPH2 at lines 215 and 216 that 
have a frequency corresponding to either signal 

35 EPH1 or signal DMPH1 depending upon the clock 
select signals. Alternatively, a pair of test signals 
TestPHI and TestPH2 are switched to the output 
lines of the master timing distribution circuit 14 
when signal selects is asserted. These test signals 

40 may be controlled during test operations of the 
microprocessor. 

The distributed clock generator circuits 16-18 
are next considered with reference to the block 
diagram of Figure 6. The circuit of Figure 6 is 

45 representative of each of the distributed clock gen- 
erator circuits 16-18, and includes driver enable 
circuits 250 and 275, low driver logic blocks 300 
and 350, high driver logic blocks 325 and 375, and 
driver output transistor stages 400, 405. 410 and 

50 415. Each of the driver output transistor stages 
includes a P-channel field effect transistor and an 
N-channel field effect transistor. Timing signal 
NPH1 from the master timing distribution circuit 14 
is received at a line 501 and is provided to the low 

55 driver logic 300 and the high driver logic 325. 
Clock signal NPH2 from the master clock distribu- 
tion circuit 14 is similarly received at a line 502, 
inverted by inverter 504, and provided to the low 
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driver logic 350 and the high driver logic 375. 
Signals DRVPH1 and DRVPH2 are derived from 
these signals and are used as the internal clock 
signals capable of driving other circuitry on the 
microprocessor. Signals DRVPH1 and DRVPH2 are 5 
180 degrees out of phase as a result of the feed- 
back loop in the clock generator circuit. The enable 
signal is also received from clock select 13 at 
driver enable blocks 250 and 275, which corre- 
spondingly control high driver logic blocks 325 and io 
375. VS^en the enable signal is high, driver enable 
blocks 250 and 275 enable high driver logic blocks 
325 and 375 such that the driver output transistor 
stages 405 and 415 are enabled in an operative 
mode. When the enable signal is low, driver enable is 
blocks 250 and 275 disable the high driver logic 
blocks 325 and 375 such that the driver transistor 
output stages 405 and 415 are disabled in an 
inoperative mode. As a result, during low frequency 
operation of the microprocessor when the first tim- 20 
ing signal EPH1 is selected, the output stages 405 
and 415 are disabled, thus reducing electromag- 
netic interference. When operating in a high fre- 
quency mode when timing signal DMPH1 is se- 
lected, more drive is necessary. Consequently, out- 25 
put stages 405 and 415 are enabled, thus providing 
sufficient drive to drive the respective circuit areas 
20-25. 

Figure 7 is a schematic diagram illustrating a 
distributed clock generator circuit. Circuit elements 30 
corresponding to those of Figure 6 are numbered 
identically. The circuit includes a plurality of P- 
channel field effect transistors 510-537 and a plu- 
rality N-channel field effect transistors 540-567. A 
voltage Vcc is applied to the unconnected terminal 35 
of each P-channel transistor, while each unconnec- 
ted terminal of the N-channel transistors is connect 
to ground. When the enable signal is low. the drive 
enable circuit 275 disables the high driver circuit 
375 and the drive enable circuit 250 disables the 40 
high driver 325. For example, to disable the high 
driver circuit 375, transistor 513 turns on, thus 
driving the output of an inverter formed by transis- 
tors 524 and 558 low. This consequently drives the 
output of an inverter formed by transistors 533 and 45 
567 high. Output transistor 536 is thereby held in 
an inoperative state. Similarly, since transistor 549 
is turned on, the output of an inverter formed by 
transistors 525 and 559 is high. Consequently, the 
output of an inverter formed by transistors 534 and so 
566 is low. Output transistor 563 is therefore also 
held in an inoperative state. 

On the other hand, it is evident that the low 
driver circuits 300 and 350 are always enabled 
such that their respective input timing signals 55 
NPH1 and NPH2 control the state of the output 
clock signals DRVPH1 and DRVPH2. It is appre- 
ciated that when, for example, timing signal NPH2 



is low. the output of an Inverter formed by transis- 
tors 515 and 551 Is high. The outputs of an inverter 
formed by transistors 516 and 552 and an inverter 
formed by transistors 517 and 553 are therefore 
low. The output clock signal DRVPH1 is conse- 
quently low. Similarly, when timing signal NPH2 
goes high, clock signal DRVPH1 also goes high. 

The clock output signals DRVPH1 and 
DRVPH2 are 180 degrees out of phase with re- 
spect to one another and are provided to the re- 
spective circuit areas 20-25. It is noted that a 
feedback line 581 and a feedback line 582 are 
provided to ensure that clock signals DRVPH1 and 
DRVPH2 are 180 degrees out of phase. For exam- 
ple, feedback line 581 ensures that clock signal 
DRVPH2 cannot go high until clock signal DRVPH1 
has reached a threshold low voltage level. 

Referring finally to Figure 8. a second embodi- 
ment of the clock select 13 is shown that is similar 
to that of Figure 4. In this embodiment however, a 
different latch circuit 400 is employed that allows 
the circuit to switch back and forth between the 
first timing signal EPH1 and the second timing 
signal DMPH1 without asserting the reset signal. 
As such, not only can the user switch from the 
lower frequency of signal EPH1 to the higher fre- 
quency of signal DMPH1 during program execu- 
tion, the frequency can also be changed from that 
of the high frequency of signal DMPH1 to the lower 
frequency of signal EPH1 without resetting the 
microprocessor circuit. 

Numerous modifications and variations will be- 
come apparent to those skilled in the art once the 
above disclosure is fully appreciated. It is to be 
understood that the above detailed description of 
the preferred embodiment is intended to be merely 
illustrative of the spirit and scope of the invention 
and should not be taken in a limiting sense. The 
scope of the claimed invention is better defined 
with reference to the following claims. 

Claims 

1. A microprocessor circuit comprising: 

a timing signal source for providing a first 
timing signal having a first frequency and a 
second timing signal having a second frequen- 
cy; 

a clock generator circuit for generating an 
internal clock signal for clocking circuitry within 
a first circuit area of the microprocessor; 

a timing distribution circuit coupled to said 
clock generator circuit and coupled to receive 
the first and second timing signals from said 
timing signal source, wherein said timing dis- 
tribution circuit Includes a switching means for 
providing said first timing signal or said second 
timing signal to said clock generator circuit 



8 



15 EP 0 613 074 A1 16 



depending upon a select signal; and 

a clock select circuit coupled to said tim- 
ing distribution circuit, wherein said clock se- 
lect circuit provides said select signal to said 
tinning distribution circuit such that the internal 5 
clock signal generated by said clock generator 
circuit is derived from the first timing signal 
when the select signal is in a first state and 
such that the internal clock signal is derived 
from the second timing signal when the select io 
signal is in a second state, and wherein said 
clock select circuit includes a software prog- 
rammable means that controls whether the se- 
lect signal is in the first state or in the second 
state. 15 

2. The microprocessor circuit as recited in Claim 
1 wherein said software programmable means 
of said clock select circuit is a register. 

20 

3. The microprocessor circuit as recited in Claim 
1 wherein said timing signal source derives 
said first and second timing signals from an 
externally applied clock signal. 

25 

4. The microprocessor circuit as recited in Claim 

3 wherein said timing signal source includes a 
duty cycle control circuit. 

5. The microprocessor circuit as recited in Claim 30 

4 wherein said timing signal source further 
includes a frequency division circuit. 

6. The microprocessor circuit as recited in Claim 

1 wherein said clock generator circuit includes 35 
a variable strength driver circuit. 

7. The microprocessor circuit as recited in Claim 
1 wherein said clock generator circuit includes 

a first driver circuit and a second driver circuit 40 
connected in parallel with said first driver cir- 
cuit, and wherein an enable circuit is coupled 
to second driver circuit to enable said second 
driver circuit when the select signal is in said 
first state and to disable said second driver 45 
circuit when the select signal is in said second 
state. 
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